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Abstract
The decay width τ → piων in the framework of the extended NJL model is calculated. The contributions
of the intermediate vector mesons ρ(770) and ρ′(1450) are taken into account. The computed partial width
and the spectral function of the decay τ → piων are in satisfactory agreement with experimental data.
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1 Introduction
The process of the decay τ → πων is intensively investigating from experimental [1, 2] as well as from theo-
retical [3–5] points of view. In these works phenomenological models with intermediate vector mesons ρ(770),
ρ(1450) and ρ(1700) were used. In all these models arbitrary parameters was introduced and adjusted to fit
experimental data .
On the other hand the similar processes e−e+ → π0γ, π0ρ0, π0ω, π+π− in the extended Nambu-Jona-Lasinio
(NJL) model [13–16] were described [6–9].
Let us note that NJL [16–21] model allows us to describe the number of tau lepton decays [10–12]. In this
work the investigation of the τ decays is continued and the decay τ → πων is calculated in the framework of
the extended NJL model which takes into account intermediate ρ(770) and ρ(1450) mesons.
2 The decay τ → piων
The amplitude of the decay is described by the Feynman diagrams given in Figs. 1 and 2. These diagrams are
similar to diagrams used in Ref. [6] to describe the process e+ + e− → ω + π0.
The Lagrangian of quark-meson interactions in the framework of the extended NJL model was given in
Refs. [6, 7, 15]. Therefore, in present work we give only the expression for the amplitude describing the decay
τ → πων:
T = GF |Vud|ν¯(1− γ5)γµτ(TWρ + Tρ′)ǫµνρσpρωpσpiωνπ , (1)
where GF = 1.16637 ·10−11MeV−2 is the Fermi coupling constant; |Vud| = 0.97428 is the cosine of the Cabibbo
angle, pω and ppi are the ω and π meson momenta.
The TWρ term corresponds to the contribution given by the contact diagram and the diagram with an
intermediate ρ(770) meson. Using the factor for W −ρ transition, we can get the expression that coincides with
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Figure 1: Contact interaction W boson with a triangle quark loop.
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Figure 2: Interaction with intermediate vector mesons.
one given by the vector meson dominance model:
TWρ =
Cρ
gρ1
1− iΓρ/mρ
m2ρ − p2 − imρΓρ
m2ρ , (2)
where mρ = 775.49 MeV is the mass of ρ(770) meson and Γ(m
2
ρ) = 149.1 MeV is its total decay width. The
contribution of the amplitude with an intermediate ρ(1450) meson reads
Tρ′ = Cρ′CWρ′
p2
m2ρ′ − p2 − i
√
p2Γρ′(p2)
. (3)
where CWρ′ corresponds to the W − ρ′ transition, it was defined in [12]. The vertex constants Cρ and Cρ′ are
defined from the extended NJL model Lagrangian [6]:
Cρ
gpi1
=
(
gρ1
sin(β + β0)
sin(2β0)
)2
I3 +
(
gρ2
sin(β − β0)
sin(2β0)
)2
Iff
3
+ 2gρ1gρ2
sin(β + β0)
sin(2β0)
sin(β − β0)
sin(β0)
If
3
, (4)
− Cρ′
gpi1
= gρ1
sin(β + β0)
sin(2β0)
gρ1
cos(β + β0)
sin(2β0)
I3 (5)
+ gρ2
sin(β − β0)
sin(2β0)
gρ2
cos(β − β0)
sin(2β0)
Iff3
+ gρ1
sin(β + β0)
sin(2β0)
gρ2
cos(β − β0)
sin(2β0)
If3
+ gρ2
cos(β + β0)
sin(2β0)
gρ1
sin(β − β0)
sin(2β0)
If3 ,
where gρ1 = 6.14, gρ2 = 10.56, gpi1 = gρ1/
√
6, β0 = 61.44
◦, β = 79.85◦1 The definitions of integrals I3, I
f
3 , I
ff
3
1In this work we use re-calculated values for the set of parameters of the extended NJL model which are a bit different from the
ones used in the previous works.
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was given in Ref. [15]2 Using the same set of parameters and the approach to loop integral computation, we
re-calculated the energy dependence of the e+ + e− → ω + π0 process cross-section. Here we get a better
description of the experimental data with respect to our earlier result [6] obtained within the same model (but
with another treatment of the loop integrals and other parameter values). It allows us to get a better agreement
with experimental data for e+e− → πω cross-section, see Fig. 4.
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Figure 3: Comparison of CLEO [1] spectral function (dots) with the NJL predictions. Solid, dotted and dashed
lines are the total, TWρ and Tρ′ contributions, respectively.
Use this formulas we get values for the branching of the τ → πων:
BrNJL = 1.85% (6)
In experimental work [1] the results of the fit CVC model is given. With the help of the formula given in [1]
we can get a prediction for the spectral density, see Fig. 3. The position of the peak in the NJL prediction for
the spectral density differs from the one seen in the data. First of all, this is because we took the standard value
of the mρ′ = 1465 MeV value, while the fit of the CLEO data gives about 1520 MeV. Moreover, we did not take
into account the contribution of the ρ′′ intermediate state. The latter is important for the spectral function at
large q values, while it is very much suppressed in the decay spectrum.
From our model one can get parameters for the density and the form factor:
gρωpi =
3g2ρ
8π2Fpi
= 15.4 GeV−1, (7)
A1 =
Cρ′CWρ′
Cρ
= −0.13. (8)
The comparison of experimental and theoretical values for these parameters is presented in Table 1.
3 Conclusions
The presented calculation show that the extended NJL model allows to describe the branching of the decay
τ → πων in a satisfactory agreement with experimental data without introduction of any additional arbitrary
parameters. This fact distinguishes our model from phenomenological approaches used earlier in Refs. [3–5].
2In present work integrals I3, I
f
3
, I
ff
3
was calculated in the p2 approximation as it was done in more recent works [7, 22] with
3-dimensional cut-off.
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Table 1: Experimental and theoretical data.
gρωpi, 1/GeV A1 Br(τ → πων) , %
Theory 15.40 −0.13 1.85
CLEO [1] 16.10± 0.06 −0.23± 0.02 1.95± 0.08
ALEPH [2] – – 1.91± 0.13
SND-2011 [24] 15.75± 0.45 −0.29± 0.09 –
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Figure 4: Comparison of experimental data of SND-2 (squares [23] and dots [24]) for e+e− → πω with the NJL
prediction (solid line).
We note that CLEO experimental [1] values for energy range from 1.4 to 1.5 GeV don’t coincide with number
of other experiments [24] and NJL prediction. It may affect to values for ρ′ mass and ρ′′ contribution given by
fits [1].
In future works we are going to describe within the same model the tau lepton decays with the creation of
η, η′ mesons.
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